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Abstracty To study the effect of biomass particle size on the rate and ability of phosphorus removal from aqueous solution by MgO-
loaded Phragmites australis biochar ( MBC), MBC was prepared using 0.0-0.5, 1.0-2.0, and 6.0-8.0 mm Phragmites australis
particles as the feedstock and MgCl, as the modification material. The MBC was characterized using FTIR, XRD, and SEM
techniques. Kinetic and isotherm experiments of phosphate ( PO, -P) adsorption from aqueous solution by the MBC were conducted,
and the experimental data were fitted with various kinetic and isotherm models. The results showed that the adsorption rate of PO~ -P
by the MBC increased with the increase in biomass particle size. The amount of PO~ -P adsorbed by the MBC prepared from 0. 0-0. 5,
1.0-2. 0, and 6. 0-8. 0 mm particles reached 15. 4%, 25. 8%, and 80. 8%, respectively, within 2 h. The biomass particle size did not
affect the maximum PO~ -P adsorption capacity (249.0-254.7 mg-g~') of the MBC. MBC prepared from the 6-8 mm particles
retained the complete cell wall structure of the Phragmites ausiralis, and a large number of micropores and mesopores were generated
during pyrolysis, thereby forming a hierarchical, regular, and well-connected pore structure. MBC prepared from the 0. 0-0. 5 mm and
1.0-2. 0 mm particles had inferior pore structures with inferior pore connectivity, which affected the diffusion rate of PO, ions inside
the MBC and limited the PO, -P adsorption rate. Therefore, when using waste Phragmites australis harvested from a constructed
wetland to produce MBC and remove phosphorus from water, the Phragmites australis should be crushed into 6-8 mm particles. Over-
crushing deteriorates the pore structure of the produced MBC and reduces the removal rate of phosphorus by the MBC.

Key words : Phragmites australias; biomass particle size; MgO; biochar; adsorption; phosphorus
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Table 2 Surface area, pore volume and average pore diameter of the biochars

i TR Suer Vo Vo Do
/mm /m?-g”! /m?-g! /mL-g~! /mLeg™! /nm

BC-S 0~0.5 1.59 1.59 0.02 0 49.6
BC-M 1~2 1.27 1.08 0.01 0 38.6
BC-L 6~8 0.40 0. 40 0.01 0 99.0
MBC-S 0~0.5 135.40 117. 38 0.18 0.06 5.4
MBC-M 1~2 103. 71 97.93 0.13 0.05 5.0
MBC-L 6~8 132. 40 126.77 0.15 0.07 4.4

BT RSE L )  EE AN S R RRAE  FLBRZE A L 5, AL
TERLNA T, 2 H LR JCRH ZE AR T 4, ixX 2L LB
HARTE D ~10 um Z[A]1°" . BC-M Hl MBC-M X2, T
BC-S Hl MBC-S FLEREIN FE fe 22, 7 =5 A1 4l MU 2544 B
PR, T FL B o B S w7 AR AR TR JAiR 22 i

P e

MBC-M

II- -'l.'_—'u' ‘.:;.l' i d

LR MR MBC-L AL T 22K L
V1) R 322 0 1 4 1) AL B 5 4 A 56 2 1 11 TR
YA B A RE R AR AE 1 ~ 10 wm 19 KAL,
DL B 40 M BE b A 1T A0 T R B 3R MgO Uk
PR 2 B A L AN b L. X RE Y 45 A
8 T2 AR 5 IO o RS L BRIE AR e R
5L MgO A5 37 M i 07 422 fil 1 4% W B . MBC-S
Al MBC-M fi fL 50 = /N T MBC-L, H K fL A9 2 i
TF O 4 B ZE B A AR I FLIR 45449 5 MBC-L #H L
AN TN LB R] 2 38 0T RE A7 4, Rl R AR B
T MBC kL 9 9 1% T 5 A R s
nlﬁj[29,30]'
2.2 XFESHR BT B ) 2 R AR
2.2.1 WM Jis

6 FhA Wi W R 2l T2 it 4 DL Bl 4. 3 F BC
T P R TP R Al AN B B /D 9l . 3 Bl MBC 119
B B 2 Y 7E 8 b 22 A A B S A, ST i R B 2
9.64 ~10.23 mg-g ™", FHZEANK, IEW T #EN) R %

R IRVRLA 0 ) TURLI B/ B 6 3% 51
PrREHILAY Y D)1 FH S ik, 2% 1 235 10 5 S22 B A1, L 241
R A AR PR LA A P o S i, T RE PR T Bk
DRI R NI P AT SO 2 35 B 5 4
FALE WA B B AR 5K , FLBRAS H AR

W \C AT

R

| B3 e R E AR R
,.-{'."l Fig. 3 SEM photos of the biochar surface

499. 6% ~99. 7% . SR, HE Wy Bk A% K il 45 1Y
MBC X P 52 o B a5 S 50 5 9] 2 h I, MBC-
S \MBC-M FI MBC-L B W ff 12t 73 1) ik 2] - i 1l o
) 15. 4%, 25. 8% 1 80. 8% .

MR G 25 R R (2 3) ,4 B AL o —52%
N n Gesh Jy2ARERINE 3 Ff MBC W B PO~ -PRY 2 11
SRR A fch, R” (0.840 ~0.931) KT 4%
(0. 785 ~0. 858) Fl1 Elovich(0. 605 ~0. 758 ) & %! -
R Q. (9. 68 ~10.45 mg-g™") 5 SLME (9. 64
~10.23 mg-g ") HiE. X F W MBC T Ff PO~ -PiY
F TR AZ A 3EUR A 2% W o6 e ()97 o] A B o O A
Bl MBC-S \MBC-M H1 MBC-L #i—24 5l J1 245
RUHCRE Bk, 2058 0. 18, 0.28 F10. 66, n 2435)
JIFAE IR R R (K, ) 539020 0. 21, 0. 30 F10. 67,
PR 5 Al S e . MBC XA R PO, ™ -P B4 I B 52
R A= W TR AR T R

RO BB B T 1 MBC W B A0 1o 40 455
FRAR B 19" Hoi o MBC 3% 1 W I 31 35 MBC &1



12 34 EME AR A BORLAR XS 28 MgO A= 49 7 W B K A b g Frg 5 i 5485

N S — o [ s btz
; e
s | -
" —0— BC-S ey
& —A— BC-M 2 &
£ —e— BC-L s |
2 —m— MBC-S 2
= —A— MBC-M = 4
! ] =
% —O— MBC-L g
i;r 'I"‘r 2
: e
_—= 0o 5 5 r——
i B R—f=——— z g
1 1 I 1 L -
24 36 48 60 72 0 2 4 (\ 3
i’ t/h
B4 EBEBIHPOL- -Po A
Fig. 4 PO3~ -P adsorption kinetic curves of the biochars
R3 HAFEEBESH
Table 3 Parameters for fitting the experimental data with adsorption kinetic models N - ]
MBC AT 0. e T2 eI 7 Elovich B0
Rifg/mm  SEE Q. by R Q. hx107° R Q. k, n R a S S SR
0~0.5 10.23 10.45 0.18 0.893 11.99 =20  0.843 10.40 021" 0.92. 10.88 3.77 0.89 .-0:758
A I 3 i F
1~2 9.64 9.89 0.28 0. 852 11. 10 30 0. 785 9.93 0.30 0. 95 ‘[ 0.840 7.46 0. 47 0.651
6~8 9.84  9.68 0.66 0. 93‘1‘ 10.52,  0.09 0.858  9.70 :'0 67 098 | 0,924 67.51 | 0. *i‘l 07605
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Table 4  Parameters for fitting the experimental data with the adsorption isotherm models

MBC =4 i Q. Langmuir SR I AR AR Freundlich 25 i3 W% FfH% 750 Langmuir-Freundlich A5V G oA 7R Temkin 25 j Wz FfifAsE 750
R /mm S K, Q. R? Ky 1/n R? K Q. 1/n R? A b R?
0~0.5 249.05 0.02 259.19 0.985 45.07 0.26 0.864 0.02 255.29 1.06 0.983 0.27 52.45 0.952
1~2 253.47 0.04 256.12 0.988 63.78 0.21 0.839 0.04 256.49 0.99 0.986 0.77 60.68 0.933
6~8 254.72  0.03 259.95 0.987 61.10 0.22 0.817 0.02 252.58 0.87 0.988 0.59 57.77 0.916
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